Características probióticas de cepas de Lactobacillus plantarum de mantequilla tradicional de leche de camello de regiones áridas (Sáhara) de Argelia.
INTRODUCTION
Probiotics are live microbial food supplements which beneficially affect the host by improving the intestinal microbial balance (Tannock et al., 2000) . Bacteria used as probiotic adjuncts are commonly delivered in a food system and, therefore, begin their journey to the lower intestinal tract via the mouth. As such, probiotic bacteria should have the ability to resist the digestion process in the stomach and the intestinal tract. Cellular stress begins in the stomach, which has a pH value as low as 1.5 to 2 (Lankaputhra and Shah, 1995) . After the bacteria pass through the stomach, they enter the upper intestinal tract where bile is secreted into the gut. The concentration of bile in the human gastrointestinal system is variable and is difficult to predict at any given moment (Lankaputhra and Shah, 1995) . After travelling through this harsh environment, the organism colonizes the epithelium of the lower intestinal tract (Conway et al., 1987) . Thus, strains selected for use as probiotic bacteria should be able to tolerate acid and bile acids, attach to the epithelium, and grow in the lower intestinal tract before they can start providing any health benefits.
Lactic acid bacteria make up an extremely important group of probiotic bacteria and are already used in many probiotic dairy products (LourensHattingh et al., 2001 ). This group of bacteria is nonpathogenic, acid resistant; bile tolerant and produce
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Probiotic characteristics of Lactobacillus plantarum strains from traditional butter made from camel milk in arid regions (Sahara) of Algeria antimicrobial substances, including, organic acids and hydrogen peroxide and bacteriocins (biologically active proteins) (Dunne et al., 1999) . Among lactic acid bacteria, lactobacilli have been detected in diverse environments and are the subject of considerable research due to their commercial use in the food industry. They are used in the production of foods prepared by means of lactic acid fermentation (dairy products, fermented vegetables, fermented meats, and sourdough bread) (Hammes and Hertel, 2003) . Furthermore, lactobacilli is considered to benefit the health of the consumer when ingested as probiotics. Today, there is a growing need for new strains of lactic acid bacteria that carry the probiotic traits mentioned above and with favourable health effects on human and animals. This can be obtained from other natural ecological niches which remain unexploited. Camel milk is used therapeutically against dropsy, jaundice, problems of the spleen, tuberculosis, asthma, anaemia, and piles (Rao et al., 1970) . Patients with chronic hepatitis had improved liver function after being treated with camel milk (Sharmanov et al., 1978) . The camel milk works also as a laxative on people unaccustomed to drinking this milk (Rao et al., 1970) .
In Algeria, camel milk represents an important food source (approximately 8000 tons are produced in arid and semi-arid areas, FAO, 2004) . In these regions, camel milk is usually drunk immediately after milking. It can also be consumed as fermented milk made by natural lactic souring over several hours in a skin or clay container. The fermented milk may sometimes be separated by vigorous shaking; the acid skimmed milk is drunk and the butter (shmen) used for eating, cooking, cosmetic or medicinal purposes (Yagil, 1982) . Shmen has played a major role in the diet of Touareg communities in the Sahara and today, there is a special demand for this product among consumers. The sensory profile of butter made from camel milk is conditioned by its very white colour, which probably results from a high amount of non-fat components such as proteins linked to the fat globules and considerable retention of buttermilk by capillary action (Farah et al., 1989 and Ramet, 1991) . The flavor is neutral and unlike butter made from cow's milk. In a recent study, Kacem and Karam (2006a) have reported that pH, titratable acidity and NaCl content of shmen produced in the Algerian Sahara varied according to the samples and regions. Microbiologically, L. plantarum was the major species of lactic acid bacteria isolated from this product. (Kacem and Karam, 2006a) .
In the present study, L. plantarum strains isolated from the traditional butter (shmen) were investigated for bile, acidic pH values, freeze-drying and antibiotic resistance, as well as for bacteriocin and polysaccharide production, and acidifying, proteolytic and haemolytic activities. Our goal is the selection of potential probiotic strains through the development of starter cultures for manufacturing new probiotic butter from camel milk.
MATERIALS AND METHODS

Bacterial strains and media
L. plantarum strains used in this study (38 strains coded SH1 to SH38) were isolated from shmen (Kacem and Karam, 2006a) . For antagonism assay, Lactococcus lactis B8 isolated from fermented olives (Kacem et al., 2005) was used as the indicator organism. They were maintained as a frozen stock at Ϫ20 °C in distilled water plus 20% (v/v) glycerol and propagated twice in Man Rogosa Sharpe (MRS) broth (Oxoid Ltd., UK) (de Man et al., 1960) at 30 °C before use.
Viable cells enumeration
Viable cells were enumerated by plating diluted samples (peptonized water) on solid MRS agar (Oxoid Ltd., UK). Cultures were incubated for 48 h in anaerobic jars at 37 °C to determine L. plantarum population. Bacterial growth was expressed in colony forming units per milliliter (cfu/ml) and the survival percentage (% Ϯ sd) of strains to different treatments was then calculated. Reported data are the means of duplicate analyses.
Testing for bile and acidic pH values resistance
The methods used to evaluate resistance strains to bile (2% w/v of oxgall: dehydrated fresh bile, Becton and Dickinson) and acidic pH values (pH 1, 2 and 3 for 2, 4 and 6 h) were those described previously by Kacem and Karam (2006b) . Growth was checked by spreading 100 µl of cultures of appropriate dilutions onto MRS agar (Oxoid) (in order to standardize the assay, the initial culture was approximately 10 6 cfu/ ml). Control cultures were without oxgall and cell counts were compared with those after 24 h. The survival percentage (% Ϯ sd) of strains to bile and different pH values was then calculated. The experiment was repeated twice and each reading represents the means of three observations. The strains with the best growth were considered to be acid and bile-tolerant and then used for further study.
Testing for resistance to antibiotics
Bacterial antibiotic resistance was determined on solid MRS medium with the use of 9 different antibiotic discs (bioMérieux, Marcy-l'Etoile, France) ( Table 1) . The results (average of 3 readings) were expressed as sensitive (S) or resistant (R) thanks to the standard disc diffusion method (National Committee for Clinical Laboratory Standards, 1999). Two strains with known antibiotic resistances (Staphylococcus aureus ATCC 25923 and Enterococcus faecalis ATCC 29212) were used as the control strains (Kacem and Karam, 2006b ).
Influence of freeze-drying
Resistance of strains to freeze-drying was determined according to the Font de Valdez et al. (1985) method with minor modifications. Strains were grown in MRS broth(Oxoid) for 18 h at 37 °C, centrifuged (10000 g at 4 °C for 10 min), and then suspended to the initial volume in a cryoprotective solution containing 100 g/l non-fat milk solids, 100 g/l saccharose, and 4 g/l ascorbic acid. The mixture was frozen at Ϫ80 °C for 24 h and freeze-drying was then carried out at Ϫ50 °C for 48 h under 0.01 mbar vacuum (Model Lyph Lock 4.5, Labconco Corporation, Kansas City, MO, USA). Freeze-dried cultures were immediately rehydrated to their initial volume in MRS broth (Oxoid) for 10 min at 37ºC, and homogenized by high speed vortexing. Cell survival was then determined by the pour plate method.
Polysaccharide production
Exopolysaccharide production was evaluated as reported by Mora et al. (2002) . Briefly, overnight cultures were streaked on the surface of plates containing ruthenium red milk (10% w/v, skim milk powder, 1% w/v, sucrose and 0.08 g/l ruthenium red, 1.5% w/v agar). After incubation at 37 °C for 24 h, 220 GRASAS Y ACEITES, 59 (3), JULIO 
Evaluation of acidifying, proteolytic and haemolytic activities of strains
Acidification was measured by the change in pH (ٌpH ϭ pH at time Ϫ pH zero time ) during time according to the Lombardi et al. (2002) method. The acidification values were expressed as a decrease in pH, calculated as the difference between the value immediately after inoculation and values at 0, 2, 4 and 6 h (ٌpH ) . The cultures were considered as fast, medium or slow acidifying when a ∆pH of 0.4 U (pH units) was achieved after 3, 3-5 and > 5 h, respectively.
Proteolytic activity of strains was determined in skim-milk medium (reconstituted skim milk powder 10% w/v) by the tyrosine method (Hull, 1947) , in accordance with the International Dairy Federation (IDF) standard 149A (1997). The results were expressed as mg tyrosine l Ϫ1 of milk. Blood haemolysis was evaluated on Columbia agar plates (Oxoid) supplemented with 5% sheep's blood which were incubated at 37 °C for 24 h (Lombardi et al., 2004) Production of lactic acid was measured using the precipitate method according to Pryce (1969) and expressed in mmol/l after three replicates. non-ropy strains gave red colonies due to the staining of the bacterial cell wall, while ropy strains appeared as white colonies
Detection of antagonistic activity of strains
The antagonistic activity of strains was tested by the well diffusion method previously described by Schillinger and Lucke, 1989) . Briefly, strains were propagated in 10 ml MRS broth (Oxoid) for 24 h at 37 °C. The culture was centrifuged (10,000 g for 20 min. at 4 °C) and the supernatant was adjusted to pH 7.0 with 3M NaOH to exclude the antimicrobial effect of H ϩ , followed by filtration of the supernatant through a 0.22-µm pore size filter (Gelman Acrodisc 13, Pall Corp., Ann Arbor, USA). Inhibitory activity from hydrogen peroxide was eliminated by the addition of 5 mg/ml catalase (C-100 bovine liver, Sigma). This solution was designated as the crude extract (CE). Pre-poured MRS agar plates were overlaid with 7 ml MRS soft agar containing 0.2 ml of indicator culture (Lactococcus lactis B8). In order to standardize the assay, the inoculum was approximately 10 6 indicator cfu ml -1
. Wells of 5 mm in diameter were cut into the agar plate using a cork borer, and aliquots of 50 µl from each EC solution samples were placed into the wells. The plates were incubated under conditions suitable for bacterial growth, and examined for the presence of 1.5 mm or larger clear zones of inhibition around the wells. Each assay was performed in duplicate. The titers of antimicrobial agent in CE were quantified by the critical dilution method, as described by Schillinger and Lucke (1989) . The antimicrobial activity of EC was defined as the reciprocal of the highest dilution showing inhibition of the indicator lawn and was expressed in arbitrary units per ml (AU/ml).
Characterization of the antimicrobial agent
Samples of CE were examined for susceptibility to proteolytic enzymes. The following enzymes (1 mg/ml) and respective buffers were used: pronase E, trypsin, α-chymotrypsin in 0.01 mM sodium phosphate (pH 7); proteinase K in 0.1 mM sodium acetate, 0.005 mM calcium acetate (pH 7.5); α-amylase in 0.01 mM potassium sulphate (pH 7) and lipase in 0.1 mM potassium sulphate (pH 6). All enzymes were obtained from Sigma (Chemical Company, St. Louis, Mo, USA) except trypsin and lipase which were from Serva (Gmbh, Heidelberg, Germany). The CE was mixed with equal volumes of enzymatic solutions and incubated at 30 °C for 1 h, after which the remaining activity was determined by the agar diffusion method described previously. As a control, CE with added respective buffer solution was treated in the same manner as the test preparation.
Samples of CE were adjusted to pH values in the range of 1 -12 using 3 N HCl or 3 N NaOH. After storage at 4 °C for 24 h, the samples were neutralized and the remaining antimicrobial activities were tested by the well diffusion method.
Aliquots of CE were subjected to different heat treatments, at 60 °C and 80 °C (in a water bath) and at 121 °C (autoclave) for 15 min. The remaining antimicrobial activity was determined by the well diffusion method. Finally, sterile CE was stored at 25°, 4°, Ϫ20°and Ϫ30 °C. At different time intervals, samples were taken from the stored material for determination of the remaining activity.
From inhibitory assays conducted with the sensitive strain (Lactococcus lactis B8), samples were taken from inhibition zones (the clear surface of agar) and streaked onto fresh medium agar plates and incubated for 48 h at 30 °C. Growth or no growth was recorded as the difference between the bacteriostatic and bactericidal activity of CE (Toba et al., 1991) .
RESULTS
Among 38 L. plantarum strains investigated for bile resistance, 14 showed high tolerance to 2% of oxgall with survival percentages ranging from 75 Ϯ 1.8 to 69 Ϯ 2.1%). The other strains (24 strains) showed low survival percentages (04 Ϯ 1.7 and 09 Ϯ 2.1%). Strains which showed resistance to bile were tested afterwards for resistance to different acidic pH values. At pH 2.0, 4 strains among the 14 tested showed high survival percentages (71 to 54%, 44 to 32% and 28 to 21%) after 2, 4 and 6 h incubation , respectively, with a decrease in survival percentage when the exposure time progresses for strains. All tested strains survived an incubation period of 2h to 6h at pH 3.0, but no growth occurred after incubation at pH 1 for 2 h. Strains (L. plantarum SH5, SH12, SH24 and SH32) which survived acidic conditions (at pH 2.0) better than the rest of the strains were then screened for their antagonistic activity using the well diffusion method.
Only crude extracts of L. plantarum SH12 (CE1), and L. plantarum SH24 (CE2) were inhibitory against the sensitive Lactococcus lactis B8 strain tested (Figure 1 ). The titter of CE1 and CE2 was found to be 800 and 1600 AU/ml respectively. As described in Materials and Methods, samples were taken from inhibition zones and surface streaked to medium agar plates. After incubation of the plates, no bacteria growth was observed. This result suggests that CE1 and CE2 are bactericidal toward Lactococcus lactis B8.
In an attempt to characterize the inhibitory agent, the crude extract (CE) samples from L. plantarum SH12 (CE1) and L. plantarum SH24 (CE2) were treated with different chemical and physical agents as describe above. Activity was completely inactivated by α-chymotrypsin and proteinase K but partially inactivated after treatment with trypsin and pronase E which reflects the proteinaceous nature of the inhibitory agent. The fact that the inhibitory compound was not inactivated by treatment
DISCUSSION
In this study, four acid and bile tolerant strains were obtained after exposing 38 strains of L. plantarum to 2% of oxgall and pH 2 for 6 h. Similar results were reported by Dunne et al. (2001) and ElNaggar (2004) . However, these results may not reflect exactly the number of bile-tolerant strains selected because the 2% oxgall used for testing our strains represents the extreme concentration obtained in the intestine of an animal or human during the first hour of digestion (Gotcheva et al., 2002) . Afterwards the normal level of bile salt in the intestine is around 0.3%. At the same time, resistance to bile salts varies a lot among the lactic acid bacteria species and even between strains themselves (Xanthopoulos, 1997) . Only two (L. plantarum SH12 and SH24) were found to produce an active agent in a liquid medium when tested by the well diffusion method. These results have also been reported by Geis et al.. (1983) , Klaenhammer (1988) and Kacem et al. (2005) . The bactericidal effect of L. plantarum SH12 or SH24 on the sensitive Lactococcus lactis B8 strain tested exhibited properties similar to those of the bacteriocins of several other lactic acid bacteria (Delgado et al., 2001 , Maldonado et al., 2003 , Kacem et al., 2005 .
Results indicated that L. plantarum strains were tetracycline resistant which is in accordance with other reported studies (Halami et al., 2000 and Coppola et al., 2005) . All strains tested were sensitive to vancomycin. This result does not confirm the finding of Salminen et al. (1998) who reported that vancomycin resistance is an intrinsic property of lactobacilli. All strains showed fast or medium acidification activity which differs from those reported by Ayad et al. (2004) who indicated that most strains of L. plantarum isolated from different sources showed a slow acidification rate.
Proteolysis is required by lactic acid bacteria for fast growth and acid production in milk fermentations (Thomas and Pritchard, 1987) . Probiotic bacteria are often delivered in dairy products and must maintain their population during shelf-life; presumably, protease activity is important in this respect. In this study, strains have shown good proteolysis (5.45 Ϯ 0.21 and 3.49 Ϯ 0.25 mg/l tyrosine). Similar results were obtained by other authors (Usman and Hosono, 1999 and El-Naggar, 2004) .
In addition, a better cell survival to freeze-drying conditions was observed for the strains tested. This is an essential characteristic for the selection of probiotic bacteria because the mode of delivery is often in frozen dairy desserts. This characteristic is also critical for the storage of frozen stock cultures used in industrial production
CONCLUSION
Consumers are becoming more and more interested in foods that have a health benefit beyond basic nutrition and the food industry is trying to ful- with lipase or α-amylase suggests that activity was not dependent on the presence of either a carbohydrate or lipid moiety. Furthermore, we have established that ECs are bactericidal towards the sensitive strain tested. From these findings, and in accordance with the guidelines outlined by Klaenhammer (1988) , the proteinaceous antibacterial substances can be attributed to bacteriocin-like substances. Inhibitory activity of this proteinaceous substance was stable at 80 °C and at 121 °C for 15 min. Also, it was observed that CEs could be stored at -20°a nd Ϫ30 °C for at least 2 or 3 months without loss of activity. No activity was detected after storage for 80 to 120 days at 37 °C. Inhibitory activity was also stable at pH 2 to 6 but was completely inactivated after exposure to pH 8.
L. plantarum SH12 and SH24 strains which showed acid-and bile tolerance and antagonistic activity were then examined for their antibiotics susceptibility, lactic acid and exopolysaccharide production, acidifying, proteolytic and haemolytic activities. Results are summarized in Table 1 . Strains tested were susceptible to penicillin G, oxacillin, vancomycin and clindamycin, but resistant to tetracycline and kanamycin. L. plantarum SH12 and SH24 were fast acidifying strains and produced 0.921 Ϯ 0.29 and 1.075 Ϯ 0.23 mmol/l Ϯ sd of lactic acid, respectively. L. plantarum SH12 strain showed the highest activity (5.45 Ϯ 0.21 mg/l tyrosine) while, L. plantarum SH24 strain showed the lowest (3.49 Ϯ 0.25 mg/l tyrosine).
Strains were frozen at Ϫ80°C, freeze-dried at Ϫ50 °C for 48 h, thawed within 10 min at 37 °C and then regrown on MRS broth. Results indicated that the two strains readily grew in MRS agar after freeze-drying and showed high survival percentages to freeze-drying (up to 86 Ϯsd %) ( Table 1) . None of the strains produced exopolysaccharides or haemolysin on sheep's blood. fill these demands by developing products with measurable health benefits. Foods that contain probiotics are part of these and are gaining consumer interest. Current research in our laboratory is aimed at developing and incorporating our selected strains (L. plantarum SH12 and SH24) as starter cultures for camel milk fermentation. This would allow us to produce a new probiotic dairy product from camel milk such as fermented milk, butter or cheese with flavor and sensorial qualities desired by tasters. Camel dairy products can certainly play a far more important role in the prevention of malnutrition than it does today.
